Arena et al. Virology Journal 2012, 9:1 16 
http://www.virologyj.eom/content/9/1/1 16 



□ 



VIROLOGY JOURNAL 



RESEARCH 



Open Access 



Simultaneous investigation of influenza and 
enteric viruses in the stools of adult patients 
consulting in general practice for acute diarrhea 

Christophe Arena 1,2,3,4 , Jean Pierre Amoros 1,2,3,4 , Veronique Vaillant 5 , Katia Balay 6 , Roxane Chikhi-Brachet 7 , 
Laurent Varesi 3 , Jean Arrighi 4 , Thierry Blanchon 1,2 , Fabrice Carrat 1,2,8 , Thomas Hanslik 1,9 and Alessandra Falchi 1,2,3,4 



Abstract 

Background: Gastrointestinal symptoms are not an uncommon manifestation of an influenza virus infection. In the 
present study, we aimed to investigate the presence of influenza viruses in the stools of adult patients consulting 
their general practitioner for uncomplicated acute diarrhea (AD) and the proportion of concurrent infections by 
enteric and influenza viruses. 

Method: A case-control study was conducted from December 2010 to April 201 1. Stool specimens were collected 
and tested for influenza viruses A (seasonal A/H3N2 and pandemic A/H1N1) and B, and for four enteric viruses 
(astrovirus, group A rotavirus, human enteric adenovirus, norovirus of genogroups I - NoVGI - and 
genogroup II - NoVGII). 

Results: General practitioners enrolled 138 cases and 93 controls. Of the 138 stool specimens collected, 92 (66.7%) 
were positive for at least one of the four enteric viruses analysed and 10 (7.2%) tested positive for one influenza 
virus. None of these 10 influenza positive patients reported respiratory symptoms. In five influenza-positive patients 
(3.6%), we also detected one enteric virus, with 4 of them being positive for influenza B (2 had co-detection with 
NoVGI, 1 with NoVGII, and 1 with astrovirus). None of the 93 controls tested positive for one of the enteric and/or 
other influenza viruses we investigated. 

Conclusions: In this study we showed that the simultaneous detection of influenza and enteric viruses is not a rare 
event. We have also reported, for the first time in general practice, the presence of seasonal and pandemic 
influenza viruses in the stools of adult patients consulting for uncomplicated AD. A simultaneous investigation of 
enteric and influenza viruses in patients complaining of gastrointestinal symptoms could be useful for future studies 
to better identify the agents responsible for AD. 
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Background 

Gastrointestinal (GI) symptoms are not an uncommon 
manifestation of an influenza virus infection [1-3]. 
However, little is known about the GI pathogenesis of 
influenza viruses. It is possible that GI symptoms devel- 
oped during the clinical course of influenza could either 
be a part of disease manifestation, due to the side effects 
of antibiotic treatment, or a co-infection with other 
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diarrheal pathogens. Gastrointestinal manifestation 
associated with seasonal influenza has been recog- 
nised for more than 30 years [4]. During the influ- 
enza A epidemic of 1988 in Australia several children 
developed hemorrhagic gastritis of varying severity 
after a typical Influenza-like illness (ILI) [5]. Similarly, 
during the two epidemics in 1973 and 1974, influenza virus 
B was detected in hospitalised children who had abdom- 
inal pain, often severe enough to require differentiation 
from acute appendicitis, as a dominant symptom [1]. Less 
severe GI symptoms have been reported to occur in 20- 
30% of children with an influenza B infection [4,6,7]. 
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Early epidemiologic study of the pandemic influenza 
A/H1N1 2009 virus suggested that it produced diar- 
rhea, vomiting, or both, in«25% of case-patients [8]. 

However, fecal excretion of pandemic and seasonal in- 
fluenza viruses has rarely been studied, and the lack of 
reports of co-infection among influenza and enteric 
viruses is probably because of reporting bias. Conse- 
quently it remains unknown whether co-infection with 
influenza pathogens in patients with GI symptoms 
represents rare events. Previous studies reported the de- 
tection of seasonal influenza in the stools of pediatric 
patients presenting concurrent acute diarrhea (AD) and 
ILI [9], and in the stools of hospitalised and outpatients 
presenting both GI and respiratory symptoms [10,11]. 
Influenza viral RNA was also detected in the stools of 
A/H1N1 2009 positive patients hospitalised due to the 
progression of acute gastroenteritis [12]. Previous stud- 
ies showed that the avian influenza A/H5N1 virus can 
be detected in stools [13], and the presence of this 
virus was further demonstrated in the biopsy of the 
small and large intestines of fatal cases [14,15]. Other 
respiratory viruses have been found in stools, such as 
respiratory syncytial virus [16], SARS coronavirus [17], 
adenovirus [18] and bocavirus [19]. But, to our know- 
ledge, there are no studies reporting the detection of 
Influenza viruses in the stools of adult patients con- 
sulting in general practice for acute diarrhea. 

In the present study we aimed to investigate the pres- 
ence of pandemic and seasonal influenza viruses in the 
stools of General Practitioners' (GPs) adult patients pre- 
senting exclusively GI symptoms and the proportion of 
concurrent infections by enteric and influenza viruses by 
using a case control design. 

Results 

Samples collected 

General practitioners enrolled 175 adult patients con- 
sulting for AD and 101 non diarrheal individuals, but we 
received stools samples from 138 cases and 93 controls. 
The two populations (cases and controls) presented 
similar demographic characteristics: median age of cases 
was 37 years [28 - 54] versus 39 years [29 - 54] for con- 
trols (p = 0.62); the proportion of women in the cases 
group was 45.9% versus 47.3% in the control group 
(p = 0.85). 

Virological findings 

Of the 138 stool specimens collected, 92 (66.7%) were 
positive for at least one of the four enteric viruses ana- 
lysed. Ten (7.2%) tested positive for one influenza virus, 
eight of them being positive for influenza virus B and 
two positive for influenza virus A (1 A/H1N12009 and 1 
A/H3N2). Five influenza-positive patients (3.6%) showed 
a co-detection of one enteric virus (3 NoVGI, 1 NoVGII, 



and 1 astrovirus) (Table 1). None of the 93 controls were 
positive for either enteric and influenza viruses. Influ- 
enza viral concentration ranged from 2.5xl0 4 to 4.2xl0 6 
PCR copies per gram of stool (Table 1). 

Characteristics of patients 

In Table 2 we reported the median age, proportion of 
females, median duration of the enrolment diarrhea epi- 
sode, proportion of patients presenting fever, and the 
median duration of fever after enrolment for 5 groups of 
patients: the ones who tested positive for both enteric 
and influenza viruses (n = 5), the ones who were positive 
only for influenza (n = 5), the sum of the two preceding 
groups, that is, the ones positive for the influenza virus 
with or without the co-detection of an enteric virus 
(n = 10), the ones who were only positive for at least one 
enteric virus (n = 87), and finally the ones who were 
negative for both enteric and influenza viruses (n = 41). 

Any significant differences, concerning demographical 
data (age and sex) have been pointed out between the 
five groups of patients described on Table 2. Concerning 
the clinical data reported in Table 2, patients with the 
detection of at least one enteric viruses (n = 87) seem to 
have a duration of fever after enrolment which is lower 
than patients who were positive for influenza, with or 
without co-detection of an enteric virus (n = 10) (OR = 
0.49 [0.26-0.91]; p = 0.02). This significant difference 
holds true when we compare the same first group 
(n = 87) and the group of patients who tested positive for 
both enteric and influenza viruses (n = 5) (OR = 0.35 
[0.13-0.91]; p = 0.03). Any significant differences for the 
duration of fever after enrolment have been highlighted 
between patients who tested positive for two enteric 
viruses (n = 11) with respect to patients who were posi- 
tive for one enteric virus (n = 76) (p = 0.11). 

None of the 10 influenza positive patients reported 
any respiratory symptoms. 

Two influenza-positive patients declared the duration 
of enrolment fever episode of six days. The first one was 
a 24 year old man without underlying conditions and 
with the duration of enrolment diarrhea episode of 
3 days, and who tested positive for the influenza virus 
A/H3N2 (viral concentration of 2.8xl0 4 PCR copies per 
gram of stool). The second one was a 54 year old woman 
without underlying conditions and with the duration of 
enrolment diarrhea episode of 5 days and who concomi- 
tantly tested positive for the influenza B and astrovirus 
(viral concentration of 4.2xl0 6 PCR copies per gram of 
stool). 

Discussion 

The present study found evidence of the presence of sea- 
sonal and pandemic influenza viral RNA in 7.2% of adult 
patients (>18 years old) consulting their GP for the 



Table 1 Demographical, clinical and virological data of the Influenza virus-positive patients 



Sex/Age 


No of 

days 

from 
onset to 

stool 
collection 


Mo of 
collection 


Influenza 

Viral 
concentration 

(PCR 
copies/g stool) 


Underlying 

medical 
conditions 


Gastrointestinal 
symptoms 


Consistency 
of stool 
specimen 


Duration 

of the 
enrolment 
diarrhea 
episode 
(days) 


Duration 

of the 
enrolment 
vomiting 
episode 
(days) 


Duration of 
fever 
episode 
(days) 


Supplementary 
medical 
examen 


Influenza 
virus 


Enteric 
virus 


M/24 


2 


January 


2.8x1 0 4 


None reported 


Abdominal pain, 
nausea, 
vomiting 


Watery 


3 


3 


6 


None reported 


A/H3N2 


Negative 


F/56 


1 


February 


3.5x1 0 6 


Hypertension, 
osteoporosis, 
polymyalgia 
rheumatica 


Abdominal pain, 
nausea 


Watery 


1 


None reported 


No fever 


None reported 


B 


Negative 


NA/>18 


1 


January 


2.5x1 0 4 


None reported 


Abdominal pain, 
nausea, 
vomiting 


Loose 


2 


3 


1 


None reported 


B 


Norovirus Gi 


F/54 


2 


January 


4.2x1 0 6 


None reported 


Abdominal pain, 
nausea, 
vomiting 


Watery 


5 


2 


6 


Fiberscope 


B 


Astrovirus 


F/79 


0 


December 


2.5x1 0 4 


Hypertension, 
osteoporosis 


Abdominal pain, 
nausea, 
vomiting 


Watery 


1 


1 


1 


None reported 


B 


Negative 


M/22 


7 


January 


3.2x1 0 4 


None reported 


Abdominal pain, 
nausea 


Watery 


N/A 


None reported 


NA 


None reported 


B 


Norovirus G 


F/19 


3 


February 


4.0x1 0 4 


None reported 


Abdominal pain, 
nausea 


Watery 


1 


None reported 


0 


None reported 


B 


Negative 


F/30 


1 


January 


2.2x1 0 5 


Migraine 


Abdominal pain, 
nausea 


Watery 


1 


None reported 


No fever 


None reported 


B 


Negative 


M/86 


1 


December 


2.7x1 0 4 


None reported 


Nausea 


Watery 


2 


None reported 


No fever 


None reported 


A/H1N1 
2009 


Norovirus G 


F/74 


1 


January 


3.8x1 0 5 


Hypertension, 
osteoporosis, 
asthma 


Abdominal pain, 
nausea, 
vomiting 


Watery 


2 


1 


1 


None reported 


B 


Norovirus Gil 



Table 2 Demographical and clinical data of patients 



Demographical and clinical data 


Patients positive to influenza virus 




Patients 


Patients 




Patients positive 
to both influenza and 
enteric viruses 


Patients positive 
to influenza 
virus only 


Patients positive 
to at least one 
influenza virus 


positive to 
enteric virus 
only 


negative 
to enteric and 
influenza 






viruses 




(n = 5) 


(n = 5) 


(n = 10) 


(n = 87) 


(n = 41) 


Median age (years) [IQ]* 


64 [38 - 80] 


30 [24 - 56] 


43 [24 - 74] 


35 [28 - 50] 


44 [32 - 56] 


Females (%) 


2 (50.0%) 


4 (80.0%) 


6 (60.0%) 


43 (49.4%) 


18 (43.9%) 


Median duration of the enrolment diarrhea episode (days) [IQ] 


2 [2 - 3.5] 


1 [1 - 1] 


2 [1 - 2] 


1 [1 - 2] 


2 [1 - 4] 


Patients suffering of fever (%) 


4 (80.0%) 


3 (60.0%) 


7 (70.0%) 


33 (37.9%) 


9 (21.9%) 


Median duration of fever after enrollment (days) [IQ] 


1 [1 - 6] 


1 [0-6] 


1 [1 - 6] 


1 [0-2] 


1 [1 - 2] 



* [IQ] = [Interquartile range]. 
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typical and uncomplicated symptoms of AD during the 
ILI and AD outbreaks in France (http://www.sentiweb.fr). 
We have also reported the detection of enteric viruses 
in half of the patients who tested positive for influenza 
viruses. The most frequent combination was a co- 
detection with two agents, primarily influenza virus B 
plus NoVGI. 

It is to be noted that in our study the most prevalent 
Influenza virus was influenza virus B, detected in 8 of 10 
stool specimens positive for influenza viruses. These 
results seem to be in agreement with previous studies 
about the detection of influenza virus B in patients com- 
plaining of GI symptoms. The presence of influenza 
virus B in gastric mucosa has been previously reported 
among patients with GI symptoms without concurrent 
respiratory symptoms [20]. Similar results have been 
reported among hospitalised children infected with the 
influenza B virus for which abdominal pain was a dom- 
inant symptom, especially in older children [1]. As high- 
lighted by Kaji et al. [21], GI symptoms were significantly 
more common in adult patients with a positive throat 
swab for the influenza B virus (GI = 23%), and with re- 
spect to the influenza A virus (GI = 6% for A/H3N2 and 
4% for A/H1N1). Previously, the influenza B virus has 
been reported [9] in 81% (17/21) of influenza positive 
stools of pediatric patients (<6 years of age) with con- 
current respiratory and GI symptoms. Interestingly, one 
of the influenza virus B strains detected among these 
pediatric patients was viable [9]. 

In this study we have also reported the detection of 
A/H3N2 and A/H1N1 2009 viral RNA in the stools of two 
patients with AD. The detection of the A/H3N2 virus in 
stool samples has been previously reported in six high-risk 
influenza adult patients [10] and in three young children 
[9] reporting ILI and diarrhea. Seasonal influenza viruses 
detection by RT-PCR in stools has also been reported in 
very young children presenting with ILI and AD be- 
tween the ages of 5 weeks and 9 months [7]. Influenza 
virus A/H1N1 2009 was recovered from 16 (24.6%) 
stools of A/H1N1 2009 positive patients who were hos- 
pitalised due to the progression of acute gastroenteritis 
[12]. In another study, the authors showed a positive 
viral culture for A/H1N1 2009 in the stool of four 
patients presenting the highest viral load [22], suggest- 
ing the fecal shedding of viable pandemic viruses. 

In this study, the overall proportion of co-detection of 
influenza and enteric viruses was 3.6%. We detected one 
enteric virus in 5/10 stool specimens of influenza- 
positive patients. Among them, four tested positive for 
the influenza B virus and one enteric virus (2 NoVGI, 1 
NoVGII, and 1 astrovirus), and one for influenza A/H1N1 
2009 (concomitantly with NoVGI). It is to be noted that 
although our sample was not large enough to make con- 
clusions that are statistically approved, we can observe that 



patients who tested positive for both influenza and enteric 
virus were older (64 years [38-80]) than patients showing 
a single detection of influenza viruses (30 years [24-56]) 
and those ones positive for enteric viruses only (35 years 
[28-50]). To our knowledge, until now a co-detection of 
influenza viruses and enteric pathogens has rarely been 
reported. Co-infections between rotavirus and influenza 
viruses (6 influenza B and 1 influenza A) have been previ- 
ously reported among 2.2% of hospitalised young children 
with gastroenteritis [23]. One case of co-infection with in- 
fluenza A/H3N2 virus and norovirus has been reported in 
an elderly patient who developed diarrhea since day 3 and 
passed 3-4 episodes of watery/loose stool per day up to 
day 13 [24]. In the present study, the duration of fever 
seems to be shorter among patients who tested positive 
for at least one enteric virus with respect to patients posi- 
tive for both enteric and influenza viruses. It is difficult to 
interpret this result given the low number of influenza- 
enteric co-detections and the low number of the 'pure' 
influenza-positive cases. 

Finally, the explanation of the presence of seasonal 
(A and B) and pandemic A/H1N1 2009 influenza viruses 
RNA in the stools is not clear. As previously known, the 
avian influenza virus prefers to bind the a-2, 3-sialic acid 
receptor, while human Influenza viruses frequently bind 
the a-2, 6-sialic acid receptor. Recent evidence indicates 
that both types of receptors are expressed on the surfaces 
of in vitro differentiated intestinal epithelial cells [25-27], 
suggesting that both avian and human influenza viruses 
have the potential to infect and replicate in human in- 
testinal epithelial cells. Recent data confirmed that 
human intestinal epithelial cells can be infected by the 
pandemic (H1N1) viruses and H9N2 viruses isolated 
from both humans and birds [28]. On the other hand, a 
recent study on adult hospitalised patients showed that 
a direct intestinal infection by seasonal influenza A 
viruses seems an unlikely explanation for the fecal de- 
tection of viral RNA in the patients reported [11]. Alter- 
native explanations of influenza virus detection in stools 
could be the swallowing of virus-containing nasopha- 
ryngeal secretion or extrapulmonary virus dissemination 
via hematogeneous circulation. 

This study has several limitations. First, the total pro- 
portion of viral co-detection was likely underestimated 
because we did not test other diarrheal pathogens. Thus, 
some cases of single infection in our study could be clas- 
sified as multiple infections in studies which would in- 
clude these other pathogens. Second, influenza virus 
cultures were not performed. However, to help us evalu- 
ate whether PCR signals were false positives, positive 
and negative controls were included in each PCR per- 
formed. The detection of influenza B has been performed 
by using two different primer pairs for the NS gene, and 
we detected influenza A by using two independent PCR 
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assays for the detection of M gene and H gene. Third, re- 
spiratory samples were not collected. It is to be noted that 
the enrolment of patients was blind to any type of infor- 
mation related to respiratory tract infection, thus prevent- 
ing potential bias. 

Conclusion 

In conclusion, in this study we showed that the simul- 
taneous detection of influenza and enteric viruses is not 
a rare event. We have also reported, for the first time in 
general practice, the presence of seasonal and pandemic 
influenza viruses in the stools of adult patients consult- 
ing for uncomplicated AD. This result could support the 
idea that the influenza virus could, on some occasions, 
be a responsible cause of gastroenteritis given the pres- 
ence among some patients of diarrhea and the absence 
of any respiratory symptoms along with the absence of 
co-pathogens in 50% of them. More focused screening 
of fecal samples for the detection and isolation of influ- 
enza viruses in patients presenting with gastroenteritis 
will be required to demonstrate this additional potential 
disease association. The possible presence of infectious 
influenza viruses in fecal samples could create problems 
concerning infection control and highlights the import- 
ance of contact precaution when handling stools. Whereas 
influenza viruses are usually regarded to spread via direct 
contact with respiratory droplets, the possible fecal-oral 
transmission of influenza viruses has to be elucidated. 
This would have a number of implications for GP man- 
agement of influenza virus infected patients, especially 
among patients at risk of severe influenza, in order to limit 
inadvertent human-to-human transmission. These cases 
are reported to highlight the potential clinical and infec- 
tion control benefits of precisely knowing the true etiology 
of gastroenteritis-like symptoms. A simultaneous investi- 
gation of enteric and influenza viruses of patients com- 
plaining of GI symptoms could be useful for future studies 
in order to better identify the agents responsible for AD 
and to understand the potential mode of transmission and 
interaction of these viruses, especially during epidemic ILI 
and AD outbreaks. 

Methods 

Study design 

A case-control study was conducted from December 
2010 to April 2011. Sixty-three GPs from the French 
Sentinel Network [29] collected stools from adult 
patients (>18 year old) consulting for AD (Sentinel network 
case-definition for AD: at least three daily watery or nearly 
so stools dating less than 14 days), and from controls. Gen- 
eral practitioners had to enroll two patients per week, one 
case and one control. We excluded from the cases group: 
patients with inflammatory bowel disease, and patients with 
an obvious non-infectious etiology of diarrhea (recent use 



of antibiotics, colchicines, non-steroidal anti-inflammatory 
drugs, laxatives, recent administration of chemotherapy or 
radiotherapy). Controls were patients consulting their 
GP for non-GI diseases and not reporting GI symptoms 
during the month preceding the consultation. Data on 
the time of the onset of symptoms, reported symptoms, 
physical findings, gender, age, previous treatment, and 
medical attention before enrolment were collected by 
completing a case report form (CRF) for all participants 
who met the case definition. In addition, cases and con- 
trols sent a follow-up questionnaire the week after en- 
rolment to indicate the duration of symptoms (for 
cases) and to ascertain whether an AD had occurred or 
not (for controls). The Hospital Ethics Committee (CHU 
Saint-Antoine, Paris, France) approved the study. Oral 
consent was obtained from the patients at the time of in- 
clusion, for their participation in the study and for the 
publication of the clinical and virological data. 

Sample analysis 

Patients collected and sent, by postal mail, stool speci- 
mens in a triple packaging according to the instructions 
of the French National Reference Center for Enteric 
Viruses: the primary receptacle was a labeled primary 
watertight, leak-proof receptacle containing the speci- 
men and without a transport medium. The receptacle 
was wrapped in absorbent material to absorb all fluid in 
case of breakage. A second durable, watertight, leak- 
proof receptacle was used to enclose and protect the pri- 
mary receptacle. This secondary receptacle was placed 
in an outer shipping package bearing the United Nations 
packaging symbol (UN3373). In order to prevent the 
stool contamination by the patients' respiratory secre- 
tions, general practitioners insisted on precautions when 
collecting the stool and this information was also indi- 
cated on the information letter we gave to patients. 

All stool specimens were tested for influenza virus A 
(A/H1N1 2009 and A/H3N2) and Influenza B and for 
four enteric viral pathogens (astrovirus, group A rota- 
virus, human enteric adenovirus, and norovirus of gen- 
ogroup I - NoVGI - and genogroup II - NoVGII). 

Stool specimens were homogenised (20% wt/vol) in 
sterile water, centrifuged for 10 minutes at 3000 rpm 
and 200 ul of the clarified supernatants were sub- 
jected to nucleic acid extraction, using a QIAmp 
MinElute Virus Kit* (QIAGEN, Courtaboeuf, France). 
Total nucleic acid was eluted in a final volume of 
40 ul, of which 5 ul was used for PCR amplification. 
The efficiency of nucleic acid extraction was mea- 
sured by real-time PCR amplification of the human 
GAPDH gene [30]. Influenza viruses A and B were 
detected by using two different real-time RT-PCRs 
[31]. Virus sub-typing (A/H1N1 2009 and A/H3N2) 
was performed by two real-time RT-PCRs [32,33]. 
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Positive and negative controls were included in each 
RT-PCR. The copy number of influenza A and B viral 
RNA was determined against 10-fold serial dilution of 
external plasmid standards (from 2 x 10 down to 2). 
The enteric viruses were detected by simultaneous ampli- 
fication of nucleic acid through using the Seeplex® 
Diarrhea-V ACE assay (Seegene), and according to the 
manufacturer's instructions. A recent study showed that 
the Seeplex® Diarrhea-V assay is sensitive, specific, con- 
venient and reliable for the simultaneous detection of sev- 
eral viral pathogens found directly in stool specimens 
from patients with gastroenteritis [34] . 

Statistical analysis 

Continuous variables were described by median [inter- 
quartile range] and dichotomous data were described by 
proportions. Groups were compared by the Student test 
or Mann- Whitney test (as appropriate) for continuous 
variables. The Chi-2 or Fisher's exact test (as appropri- 
ate) was used to compare dichotomous variables be- 
tween groups, and the results are presented as Odds 
Ratios with their 95% confidence intervals (OR [95% 
IC]). All statistical analyses were two-tailed with a sig- 
nificance level (P value) of <0.05. Analyses were per- 
formed using STATA software (version 11.0, StataCorp 
LP, Texas, USA). 

Abbreviations 

Gl: Gastrointestinal; II I : Influenza Like-Illness; AD: Acute Diarrhea; GP: General 
Practitioner; CRF: Case Report Form; NoVGI: NoroVirus of Genogroup I; 
NoVGII: NoroVirus of Genogroup II; GAPDH gene: GlycerAldehyde 3- 
Phosphate Dehydrogenase gene; OR: Odd Ratio; NS gene: Non Structural 
gene; M gene: Matrix gene; H gene: Hemagglutinin gene. 

Competing interests 

The authors declare no conflict of interest. 

Author contributions 

CA, JPA, W, KB, RCB, LV, JA, TB, FC, TH, and AF co-conceived the study. CA 
and TH collected epidemiological and microbiological data. AF, LV and KB 
designed microbiology experiments. AF performed, analyzed and interpreted 
microbiology data. CA analyzed and interpreted epidemiological data. CA, 
JPA, W, KB, RCB, LV, JA, TB, FC, TH, and AF contributed to writing the paper 
and approved the final manuscript. 

Acknowledgments and funding 

We are grateful to all the GPs of the French Sentinel Network and the 
patients who participated in this study. 

Funding and support: French Institute for Public Health Surveillance (Institut 
de Veille Sanitaire, InVS) and the European Union. 

Author details 

'INSERM, UMR-S 707, 75012 Paris, France. 2 UPMC Universite Paris 06, UMR-S 
U707, 75012 Paris, France, laboratory of Virology, University of Corsica, 
Corsica, France. 4 Regional Observatory of Health of Corsica, Ajaccio, France, 
department of Infectious Diseases, Institut de Veille Sanitaire (InVS) (French 
Institute for Public Health Surveillance), Saint-Maurice, France. 6 National 
Reference Center for Enteric Viruses, Laboratory of Virology, CHU of Dijon, 
Dijon, France. 7 French National Agency for Research on AIDS and viral 
hepatitis, Paris, France. 8 Public health department, Saint-Antoine hospital, 
APHP, Paris, France. 9 UVSQ, Universite de Versailles Saint Quentin, Versailles, 
France. 



Received: 9 February 2012 Accepted: 8 June 2012 
Published: 18 June 2012 

References 

1. Kerr AA, McQuillin J, Downham MA, Gardner PS: Gastric 'flu influenza B 
causing abdominal symptons in children. Lancet 1975, 1 (7902):291-295. 

2. Chi CY, Wang SM, Lin CC, Wang HC, Wang JR, Su IJ, Liu CC: Clinical 
features of children infected with different strains of influenza B in 
southern Taiwan. Pediatr Infect Dis J 2008, 27(7):640-645. 

3. Chan PA, Mermel LA, Andrea SB, McCulloh R, Mills JP, Echenique I, 
Leveen E, Rybak N, Cunha C, Machan JT, ef al: Distinguishing 
characteristics between pandemic 2009-2010 influenza A (H1N1) and 
other viruses in patients hospitalized with respiratory illness. PLoS One 
2011, 6(9):e24734. 

4. Price DA, Postlethwaite RJ, Longson M: Influenzavirus A2 infections 
presenting with febril convulsions and gastrointestinal symptoms in 
young children. Clin Pediatr (Phila) 1976, 15(4):361-367. 

5. Armstrong KL, Fraser DK, Faoagali JL: Gastrointestinal bleeding with 
influenza virus. Med J Aust 1991, 154(3):180-182. 

6. Peltola V, Ziegler T, Ruuskanen O: Influenza A and B virus infections in 
children. Clin Infect Dis 2003, 36(3):299-305. 

7. Wootton SH, Scheifele DW, Mak A, Petric M, Skowronski DM: Detection of 
human influenza virus in the stool of children. Pediatr Infect Dis J 2006, 
25(1 2):1 194-1 195. 

8. Dawood FS, Jain S, Finelli L, Shaw MW, Lindstrom S, Garten RJ, Gubareva LV, 
Xu X, Bridges CB, Uyeki TM: Emergence of a novel swine-origin influenza 
A(H1N1) virus in humans. N Engl J Med 2009, 360(25)2605-2615. 

9. Dllantika C, Sedyaningsih ER, Kasper MR, Agtini M, Listiyaningsih E, Uyeki TM, 
Burgess TH, Blair PJ, Putnam SD: Influenza virus infection among pediatric 
patients reporting diarrhea and influenza-like illness. BMC Infect Dis 2010, 10:3. 

10. Chan MC, Lee N, Chan PK, Leung TF, Sung JJ: Fecal detection of influenza 
A virus in patients with concurrent respiratory and gastrointestinal 
symptoms. J Clin Virol 2009, 45(3)208-211. 

1 1 . Chan MC, Lee N, Chan PK, To KF, Wong RY, Ho WS, Ngai KL, Sung JJ: 
Seasonal influenza A virus in feces of hospitalized adults. Emerg Infect Dis 
2011, 17(11)2038-2042. 

12. Yoo SJ, Moon SJ, Kuak EY, Yoo HM, Kim CK, Chey MJ, Shin BM: Frequent 
detection of pandemic (H1N1) 2009 virus in stools of hospitalized 
patients. J Clin Microbiol 2010, 48(6)2314-2315. 

13. Buchy P, Mardy S, Vong S, Toyoda T, Aubin JT, Miller M, Touch S, Sovann L, 
Dufourcq JB, Richner B, ef al: Influenza A/H5N1 virus infection in humans 
in Cambodia. J Clin Virol 2007, 39(3):1 64-168. 

14. Uiprasertkul M, Puthavathana P, Sangsiriwut K, Pooruk P, Srisook K, Peiris M, 
Nicholls JM, Chokephaibulkit K, Vanprapar N, Auewarakul P: Influenza A 
H5N1 replication sites in humans. Emerg Infect Dis 2005, 11(7):1 036-1 041. 

15. Zhang Z, Zhang J, Huang K, Li KS, Yuen KY, Guan Y, Chen H, Ng WF: 
Systemic infection of avian influenza A virus H5N1 subtype in humans. 
Hum Pathol 2009, 40(5)735-739. 

16. von Linstow ML, Eugen-Olsen J, Koch A, WlntherTN, Westh H, Hogh B: 
Excretion patterns of human metapneumovirus and respiratory syncytial 
virus among young children. Eur J Med Res 2006, 11(8)329-335. 

17. Hung IF, Cheng VC, Wu AK, Tang BS, Chan KH, Chu CM, Wong MM, Hui WT, 
Poon LL, Tse DM, ef al: Viral loads in clinical specimens and SARS 
manifestations. Emerg Infect Dis 2004, 1 0(9):1 550-1 557. 

18. Okimoto S, Hyodo S, Yamamoto M, Nakamura K, Kobayashi M: Association 
of viral isolates from stool samples with intussusception in children. 

Int J Infect Dis 201 1 , 1 5(9):e641 -e645. 

19. Chow BD, Ou Z, Esper FP: Newly recognized bocaviruses (HBoV, HBoV2) 
in children and adults with gastrointestinal illness in the United States. 
J Clin Virol 2010, 47(2): 143- 147. 

20. Hayase Y, Tobita K, Sato H: Detection of type B influenza virus genes from 
biopsied gastric mucosa. J Gastroenterol 2002, 37(2):1 01 -1 05. 

21. Kaji M, Watanabe A, Aizawa H: Differences in clinical features between 
influenza A H1N1, A H3N2, and B in adult patients. Respirology 2003, 
8(2)231-233. 

22. To KK, Chan KH, Li IW, Tsang TY, Tse H, Chan JF, Hung IF, Lai ST, Leung CW, 
Kwan YW, ef al: Viral load in patients infected with pandemic H1N1 2009 
influenza A virus. J Med Virol 2010, 82(l):l-7. 

23. Brandt CD, Kim HW, Rodriguez WJ, Arrobio JO, Jeffries BC, Parrott RH: 
Simultaneous infections with different enteric and respiratory tract 
viruses. J Clin Microbiol 1986, 23(1 ):1 77-1 79. 



Arena et al. Virology Journal 2012, 9:1 16 
http://www.virologyj.eom/content/9/1/1 16 



Page 8 of 8 



24. Chan MC, Lee N, Wong RY, Ho WS, Sung JJ: A 75-year-old woman with 
seasonal influenza A (H3N2) virus infection and diarrhea. J Clin Virol 2010, 
48(4):23 1-233. 

25. Shu Y, Li CK, Li Z, Gao R, Liang Q, Zhang Y, Dong L, Zhou J, Dong J, Wang D, 
ef al: Avian influenza A(H5N1) viruses can directly infect and replicate in 
human gut tissues. J Infect Dis 201 0, 201 (8):1 1 73-1 1 77. 

26. Zeng H, Pappas C, Katz JM, Tumpey TM: The 2009 pandemic H1N1 and 
triple-reassortant swine H1N1 influenza viruses replicate efficiently but 
elicit an attenuated inflammatory response in polarized human 
bronchial epithelial cells. J Virol 201 1, 85(2):686-696. 

27. Zhirnov OP, Vorobjeva IV, Saphonova OA, Malyshev NA, Ovcharenko AV, 
Klenk HD: Specific biochemical features of replication of clinical influenza 
viruses in human intestinal cell culture. Biochemistry (Mosc) 2007, 
72(4):398-408. 

28. Qu B, Li X, Gao W, Sun W, Jin Y, Cardona CJ, Xing Z: Human intestinal 
epithelial cells are susceptible to influenza virus subtype H9N2. Virus Res 
2012, 163(0:151-159. 

29. Valleron AJ, Bouvet E, Garnerin P, Menares J, Heard I, Letrait S, Lefaucheux J: 
A computer network for the surveillance of communicable diseases: the 
French experiment. Am J Public Health 1986, 76(1 1):1289-1292. 

30. Barber RD, Harmer DW, Coleman RA, Clark BJ: GAPDH as a housekeeping 
gene: analysis of GAPDH mRNA expression in a panel of 72 human 
tissues. Physiol Genomics 2005, 21(3)389-395. 

31. Selvaraju SB, Selvarangan R: Evaluation of three influenza A and B real- 
time reverse transcription-PCR assays and a new 2009 H1N1 assay for 
detection of influenza viruses. J Clin Microbiol 2010, 48(1 1):3870-3875. 

32. Nakauchi M, Yasui Y, Miyoshi T, Minagawa H, Tanaka T, Tashiro M, Kageyama T: 
One-step real-time reverse transcription-PCR assays for detecting and 
subtyping pandemic influenza A/H1N1 2009, seasonal influenza A/H1N1, 
and seasonal influenza A/H3N2 viruses. J Virol Methods 201 1, 171(1):156-162. 

33. Duchamp MB, Casalegno JS, Gillet Y, Frobert E, Bernard E, Escuret V, Billaud G, 
Valette M, Javouhey E, Lina B, et at Pandemic A(H1 N1)2009 influenza virus 
detection by real time RT-PCR: is viral quantification useful? Clin Microbiol 
Infect 2010, 16(4)317-321. 

34. Higgins RR, Beniprashad M, Cardona M, Masney S, Low DE, Gubbay JB: 
Evaluation and Verification of the Seeplex(R) Diarrhea-V ACE Assay for 
the Simultaneous Detection of Adenovirus, Rotavirus and Norovirus 
Genogroups I and II in Clinical Stool Specimens. J Clin Microbiol 201 1, 
49(9)3154-3162. 



doi:l 0.1 1 86/1 743-422X-9-1 1 6 

Cite this article as: Arena et al: Simultaneous investigation of influenza 
and enteric viruses in the stools of adult patients consulting in general 
practice for acute diarrhea. Virology Journal 2012 9:1 16. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at /^'\ n! _, ul _-| r Q r,tr=l 

www.biomedcentral.com/submit ammBa central 



V 



